Our objective was to compare the effects of feeding steam-flaked, high-oil corn with normal steam-flaked corn to which yellow grease was added to equalize dietary fat on performance and carcass characteristics of finishing beef steers, and palatability, retail case life, and fatty acid composition of strip loins. Angus steers (n = 120; initial BW = 288 kg) were allotted to dietary treatments consisting of 1) normal mill-run, steam-flaked corn plus added fat (NMR) or 2) highoil, steam-flaked corn (HOC) and assigned randomly to pens (12 pens/treatment with 5 steers/pen). Performance (ADG, DMI, and G:F) was measured over time, and cattle were shipped to a commercial abattoir for collection of carcass data after 165 d on feed. Carcass data were collected at 48 h postmortem on all carcasses, and 2 carcasses from each pen were selected randomly for collection of strip loins (IMPS #180A). At 14 d postmortem, 4 steaks (2.54 cm thick) were removed for retail display, trained sensory panel analysis, Warner-Bratzler shear force determination, and fatty acid analysis. Daily BW gain was greater (P = 0.03) and G:F was increased 8.4% (P = 0.01) for steers fed NMR compared with HOC, but DMI was not affected (P > 0.10) by treatment. No treatment differences were observed (P > 0.10) for HCW, 12th-rib fat, KPH, and yield grade. Marbling scores were greater (P = 0.01) for NMR than for HOC, and LM area tended (P = 0.07) to be greater in NMR than in HOC carcasses. The proportion of carcasses grading USDA Choice did not differ (P = 0.77) between treatments, but a greater (P = 0.04) proportion of carcasses graded in the upper two-thirds of Choice for NMR vs. HOC. Trained sensory panel traits and Warner-Bratzler shear force values did not differ between treatments (P > 0.10), and no differences (P > 0.10) were detected for purge loss or fatty acid composition. Overall, ADG and G:F were less and marbling score was decreased, but there were no differences between treatments in beef palatability, retail case life, or concentrations of fatty acids in strip loins.
INTRODUCTION
Through genetic selection, high-oil corn (HOC) varieties are commercially available for use in livestock production. Replacing conventional corn with HOC in beef cattle feedlot diets can potentially modify energy density of the diet and increase the supply of unsaturated fatty acids, which in turn might alter the fatty acid composition of muscle in cattle fed HOC. Andrae et al. (2001) reported an increase in linoleic acid and total PUFA, as well as a decrease in SFA from feeding beef steers diets in which dry-rolled HOC replaced normal dry-rolled corn. These results suggest that switching from a conventional corn diet to a HOC diet can change the type and amount of fat deposited in finishing steers, which has the potential to improve profitability and consumer acceptance of beef products.
The possibility of feeding HOC to improve beef steak flavor, fatty acid profiles, and the CLA concentration in the product for improved consumer perceptions of beef has far-reaching implications. Few consistent data exist evaluating the effect of HOC-containing diets on the palatability and composition of beef steaks. reported that HOC resulted in steaks with greater juiciness and tenderness compared with typical corn; however, Johnson et al. (2000) did not detect any differences in palatability of steaks from steers fed HOC or typical corn. Nonetheless, Johnson et al. (2000) reported greater tocopherol concentrations and a longer shelf life after extended chilled storage in steaks from steers fed HOC.
Steam flaking is the most common processing method used in the Great Plains feedlots (Vasconcelos and Galyean, 2007) , but previously published research has not evaluated steam-flaked HOC. Our objective was to evaluate the effects of feeding steam-flaked HOC vs. normal mill-run corn plus added fat to finishing feedlot steers on growth performance, carcass characteristics, and on palatability, retail case life, and fatty acid concentrations of beef loin steaks.
MATERIALS AND METHODS
All procedures involving live animals were approved by the Texas Tech University Animal Care and Use Committee.
Treatments
Treatments consisted of diets with normal (millrun), steam-flaked corn (NMR) or steam-flaked HOC. The NMR corn was purchased through a commercial grain storage facility, and a commercial source of yellow grease was added to the NMR diet to equalize the total dietary fat (ether extract) concentration between the NMR and HOC treatments. After steam conditioning for approximately 20 min at atmospheric pressure, each type of corn was flaked to a bulk density of approximately 360 g/L by adjusting the roll pressure using 30 cm × 46 cm corrugated rollers. Samples of the 2 types of steam-flaked corn were obtained each time grain was flaked and stored frozen for analysis of total starch (MacRae and Armstrong, 1968) and enzymatic glucose release (starch availability; Xiong et al., 1990) .
Animals and Feeding
Angus beef steers (n = 120; initial BW = 288 kg) housed at the Texas Tech University Burnett Center research feedlot located in New Deal, TX, during the fall of 1998 through the spring of 1999 were used in the experiment. On arrival (d −7), cattle were brought to the working facility, where they were 1) weighed individually, 2) identified with a uniquely numbered ear tag, 3) vaccinated with Bovishield 4 + Lepto and Fortress 7 (Pfizer Animal Health, New York, NY), and 4) treated for parasites with Dectomax Pour-On (Pfizer Animal Health). After processing, cattle were sorted randomly into 4 soil-surfaced pens and fed a 60% concentrate diet (based on NMR). Steers were stratified by BW, and every 2 animals were assigned randomly to the 2 dietary treatments. Within treatments, steers were again stratified by BW, and beginning with the animals of lightest BW, groups of 12 steers were assigned randomly to a pen, resulting in 12 pens/treatment (5 steers/ pen). This randomization process equalized the average BW values for the 12 pens on each treatment. After a 7-d acclimation period (d 0), steers were individually weighed, implanted with Ralgro (Intervet/ScheringPlough Animal Health, De Soto, KS), and sorted into treatment pens to start the experiment. Steers were subsequently weighed on an individual basis on d 28, 56, 84, 112, 140, and 165 of the feeding period. All BW measurements during the study were obtained with a squeeze chute (Cummings and Sons, Garden City, KS) set on 4 electronic load cells (Rice Lake Weighing Systems, Rice Lake, WI; readability of ± 0.45 kg), and the scale was calibrated with 454 kg of certified weights before use. On d 56, all steers were implanted with Revalor-S (Intervet/Schering-Plough Animal Health). Over the course of the experiment, 3 steers were removed from the study because of lameness or other illness that was not related to treatment.
Steers were adjusted to a 90% concentrate diet using a series of 4 diets. Ingredient and analyzed nutrient composition data for the experimental diets are shown in Table 1 . As noted previously, steers were started on 60% concentrate diet and switched to a 70% concentrate diet after 4 d. After 8 d, cattle were transitioned to an 80% concentrate diet and then were stepped up to a 90% concentrate diet 5 d later. All diets contained a premix ( Table 1 ) that provided minerals, vitamins, and Rumensin and Tylan (Elanco Animal Health, Indianapolis, IN). Diets were mixed in a 1.27-m 3 capacity paddle mixer (Marion Mixers Inc., Marion, IA). Feed was allotted to each pen using a self-propelled mixer/ delivery wagon (Roto-Mix Inc., Dodge City, KS). Mixing and feeding order throughout the study was NMR followed by HOC.
Samples of each diet were collected weekly from the feed bunks and composited for each 28-d period once steers reached the 90% concentrate diet (the 60% concentrate diet was not sampled, and only 1 sample for each of the 70 and 80% concentrate transition diets was collected). Samples were ground using a Wiley mill (Thomas Scientific, Swedesboro, NJ) to pass a 2-mm screen and subsequently analyzed for DM, CP, ADF, ash, Ca, and P (AOAC, 1990; Table 1 ). The values reported for the 90% concentrate diet represent the average from the 28-d composites. Samples were analyzed for ether extract after grinding the sample through a 1-mm screen using a Wiley mill (Thomas Scientific) by adding an approximately 2-g sample to 100 mL of petroleum ether in a 500-mL flask. The flask was placed on an oscillating shaker for 1 h, after which the extracted residue was filtered and weighed after drying.
Every 28 d, which corresponded to intermediate weigh days, feed bunks were cleaned and unconsumed feed was weighed. The sample was dried in a forced-air oven at 100°C for approximately 24 h to determine DM content. Dried feed bunk orts and weekly DM determinations on diet samples were used to calculate DMI for each pen. In addition to DMI, ADG (based on nonshrunk BW measurements) and G:F were calculated.
Carcass Data and Strip Loin Collection
After 165 d on feed, the cattle were deemed to have reached a BW and visually estimated degree of fatness that would allow them to grade USDA Choice. Thus, on the morning of d 165, steers were weighed and shipped to a commercial packing facility approximately 56 km from the research feeding facility. At 48 h postmortem, personnel from Texas Tech University evaluated each carcass for marbling score and USDA quality grade (USDA, 1997). In addition, carcasses were evaluated for 12th-rib fat thickness, LM area, KPH, HCW, and calculated USDA yield grade (USDA, 1997). Finally, 2 carcasses were selected at random from each pen and followed through fabrication under normal commercial conditions. Strip loins (IMPS #180A) from selected carcasses (n = 48) were collected, vacuum packaged, boxed, and transported to the Texas Tech University Meat Laboratory in Lubbock, where they were stored at 2°C under vacuum until 14 d postmortem.
Purge Loss Percentage and Steak Fabrication
At 14 d postmortem, each strip loin was weighed in the vacuum-packaged bag. The strip loin was then removed from the bag to dry for 1 min. Percentage of purge loss was determined by weighing the strip loin after the 1-min drying period. The strip loins were then processed into individual steaks (2.54 cm thick) for Warner-Bratzler shear force (WBSF), trained sensory panel, fatty acid composition, and retail case life analyses. With the exception of the steak to be used for retail case life measurements, steaks were frozen at −20°C until further analyses.
Retail Case Life Evaluations
One steak from each strip loin, 2.54 cm thick, was placed on a white Styrofoam tray and covered with overwrap film. Trays were placed in a coffin-style retail display-case (Tyler Refrigeration Corp., model DGC6, Niles, MI) that was maintained between 2 and 4°C with continuous overhanging Deluxe Cool White fluorescent lighting (40W, Gro-Lux Wide Spectrum; Sylvania Lighting, Danvers, MA) in addition to ceiling lights (34W, Philips Watt-Saver, model G, Andover, MA). A measured light reading of 592 lux was taken at the meat level. Steaks were evaluated according to AMSA Guidelines (AMSA, 1991) for visual scoring of beef steaks once daily for 4 d by 8 trained visual panelists. The steaks were scored on the following attributes: beef color (1 = extremely dark red, 8 = extremely bright red); color uniformity (1 = uniform, 5 = extreme 2-toning/nonuniform); surface discoloration (1 = 0%, 7 = 100%); and browning (1 = none, 6 = dark brown).
WBSF
Frozen steaks were thawed overnight at 3 to 5°C, weighed, and then cooked on a belt grill (MagiKich'n, MagiGrill model TBG 60, Quakertown, PA) to a final internal temperature of 71°C (medium degree of doneness). Temperature was monitored by a meat thermometer (model TM99A-H, Hantover, Kansas City, MO). After cooking, steaks were weighed to determine cooking loss and then chilled at 4°C for 24 h. Six cores, 1.3 cm in diameter, were removed from each steak parallel to the muscle fiber orientation. The cores then were sheared perpendicular to the muscle fibers with a Salter Shear Machine (model 9406482, G-R Electric Mfg. Co., Manhattan, KS) at a crosshead speed of 200 mm/min to determine peak force (kg). The peak force of the 6 cores was averaged for statistical analysis.
Trained Sensory Panel Evaluations
Steaks were thawed and cooked following the same procedure described for the WBSF analysis. After cooking, steaks were cut into 2.54 cm × 1.3 cm × 1.3 cm cubes and placed in a prewarmed pan, filled with sand, followed by storage in a warming oven (Alto-Shaam, Menomonee Falls, WI) until served. Eight trained sensory panelists (Cross et al., 1978) were served the samples in individual booths. While being served, the panelists were under red filtered lights as suggested by AMSA (1995). Four sensory sessions, containing 12 samples per session, were conducted on a single day with sufficient resting time between each session. Samples were served warm to panelists for their evaluations of the following attributes: initial and sustained juiciness (1 = extremely dry, 8 = extremely juicy); initial and sustained tenderness (1 = extremely tough, 8 = extremely tender); flavor intensity (1 = extremely bland, 8 = extremely intense); beef flavor (1 = extremely uncharacteristic of beef flavor, 8 = extremely characteristic of beef flavor); and overall mouthfeel (1 = extreme nonbeef-like mouthfeel, 8 = extreme beef-like mouthfeel).
Fatty Acid Composition
Total lipids were extracted from the steak samples using chloroform-methanol (Folch et al., 1957) . The extract was saponified and methylated by combining with KOH in methanol and heating for 10 min at 70°C, followed by combining with BF 3 in methanol and heating for 30 min at 70°C according to the modified method of Morrison and Smith (1964) . Methyl esters were subsequently extracted in hexane. Fatty acid methyl esters (FAME) were quantified using a Packard Chrompack gas chromatograph (model 437a, Chrompack, Raritan, NJ) equipped with a 30 m × 0.53 mm capillary column (DB-WAX #125-7032, J&W, Folsom, CA). The column ran isothermally at 185°C. Helium was used as the carrier gas at a flow rate of 13 mL/min. Flow rates were 20 mL/min for the H 2 and 250 mL/min for breathing air. Injector and detector temperatures were maintained at 250°C. Chromatograms were recorded using a computing integrator (model SP 4290, Spectraphysics, San Jose, CA). Fatty acids were identified by comparing the relative retention times of FAME peaks from samples with those of standards (reference standard GLC-68B, Nu-Chek Prep, Elysian, MN).
Statistical Analyses
Data were analyzed using the GLM procedure (SAS Inst. Inc., Cary, NC) for a completely randomized design with pen as the experimental unit. The model included the fixed effect of diet, and means were separated on the basis of a significant F-test for the fixed effect (α = 0.05). Color data were analyzed by day using the GLM procedure of SAS. For quality grade data, the proportions of cattle grading USDA Choice (Low, Average, and High Choice combined) and in the upper two-thirds of the USDA Choice grade (Average and High Choice combined) were analyzed as binomial proportions using the GLIMMIX procedure of SAS, with the ILINK option of the LSMEANS statement used to calculate least squares means for the proportions.
RESULTS AND DISCUSSION

Diet and Corn Composition Data
Nutrient composition of composite feed samples generally differed little between diets and reflected values expected from formulation. The CP concentration of the 90% concentrate NMR and HOC diets averaged 13.4 and 14.1%, respectively, whereas the ether extract content of 2 diets averaged 7.1 and 6.5%, respectively. These differences in CP ether extract values for the 2 diets likely reflect variability in sampling from feed bunks over time and compositing samples because, as noted previously, measurements were made on a single overall composite from samples taken throughout the experiment. Although the fatty acid composition of the diets was not evaluated, we suspect the NMR diet would have similar values as Zinn (1989) and Plascencia et al. (2003) because the American Fats and Oils Association (AFOA, 1988) has set standards to minimize variation in the composition of yellow grease. When both studies reported the fatty acid composition of yellow grease, oleic acid (C18:1) was the predominant fatty acid (45 to 46%), with the remainder consisting primarily of linoleic acid (C18:2), palmitic acid (C16:0), and stearic acid (C18:0). Andrae et al. (2001) and Duckett et al. (2002) compared the fatty acid profile of typical and high-oil dry-rolled corn. In both instances, the highoil corn diet had a greater concentration of oleic acid but a decreased concentration of linoleic acid compared with the control or typical corn. The percentages of palmitic and stearic acid were fairly consistent between diets. Although it is possible that the steam-flaking process altered the fatty acid composition in the current study, we believe profiles would be similar to previously reported values. The starch content of the NMR and HOC averaged 68.9 and 63.4% of the grain DM for NMR and HOC, respectively. The reduced starch concentration in HOC is consistent with the data of Soderlund and Owens (1999) . Enzymatically available starch as a percentage of total starch was similar for the 2 types of corn, averaging 44.2 and 42.6% for NMR and HOC, respectively, indicating that both corns responded similarly to the steam-flaking process.
Performance Data
Results for cumulative ADG, DMI, and G:F during the experiment are shown in Table 2 . Initial BW did not differ (P > 0.10) between treatments; however, final BW tended (P < 0.08) to be greater in steers fed NMR than in those fed HOC. Andrae et al. (2000) reported that initial and final BW were similar between cattle fed dry-rolled normal and HOC after 83 d on feed. Differences in final BW noted in the current study were reflected in differences in ADG. Steers fed NMR had greater ADG from d 0 to 28 (P = 0.03), d 0 to 84 (P = 0.02), and for the overall 165-d feeding period (P = 0.04) than steers fed HOC. In addition, ADG tended (P = 0.10) to be less for steers fed HOC through d 112.
In contrast to present findings, Andrae et al. (2000) reported ADG for the entire feeding period did not differ between normal and high-oil corn treatments, but steers fed high-oil corn had less ADG than those fed control corn during the second period (d 29 to 56) of their feeding trial. Andrae et al. (2000) also formulated an HOC diet that was isocaloric (ISO) and had a similar percentage of corn as the control diet. When the control and ISO diets were compared, ADG did not differ during each period of the feeding trial or overall (Andrae et al., 2000) . Current results also conflict with those of Soderlund and Owens (1999) , who reported that ADG did not differ between cattle fed normal and HOC; however, cattle in that study had a greater initial BW than those in the present study, were fed for only 107 d, and diets were not processed (corn was fed in the whole form).
The daily DMI did not differ (P > 0.10) between NMR and HOC steers during any of the cumulative periods of the experiment (Table 2) . Thus, as a result of no differences in DMI and the significant differences in ADG, G:F was less (P ≤ 0.03) for steers fed HOC vs. NMR during every cumulative period and for the duration of the 165-d study. Over the entire feeding period, BW gain efficiency was improved 8.4% for steers fed NMR compared with HOC. Andrae et al. (2000) reported that DMI was greater by steers fed the control diet without added fat and the ISO control corn diet compared with the HOC diet, but feed efficiency did not differ among dietary treatments in their 83-d experiment. Again, length of the feeding period and different grain processing methods between experiments might be responsible, in part, for the contrasting results. Performance and meat quality with high-oil corn Although differences were observed between the 2 types of corn, performance by the steers in both groups was consistent with industry standards. Net energy values calculated from performance (NRC, 1996) were 2.30 and 1.61 Mcal/kg for NE m and NE g , respectively, for NMR, and 2.19 and 1.51 Mcal/kg for NE m and NE g , respectively, for HOC. Thus, performance-based NE values were considerably greater for the NMR diet than values calculated from tabular data for feed ingredients (NRC, 1996; 2.16 and 1.48 for NE m and NE g , respectively). This represented a 6% increase in NE m and an 8.8% increase for NE g for performance-based values compared with tabular values for normal corn. Andrae et al. (2000) did not detect differences in the energy content of the diets; however, HOC had a numerically greater energy content than the control diet (1.96 vs. 1.90 and 1.31 vs. 1.26 for NE m and NE g , respectively), whereas the ISO diet was virtually identical to the control diet.
Carcass Data
Carcass measurements for all cattle in the experiment are shown in Table 3 . Hot carcass weight, 12th-rib fat, KPH, and calculated USDA yield grade did not differ (P > 0.10) between treatments. Longissimus muscle area tended (P = 0.07) to be less in carcasses from cattle fed HOC than from those fed NMR, and marbling score was decreased by 7.4% (P = 0.01) with HOC vs. NMR.
Despite the difference in marbling score, the proportion of cattle grading USDA Choice (Low, Average, and High Choice combined) did not differ (P = 0.77) between the treatments (Figure 1) . However, when carcasses grading in the upper two-thirds of USDA Choice were evaluated, a greater proportion of carcasses graded Average or High Choice (P = 0.04) in cattle fed mill-run vs. HOC (least squares means = 37.3 ± 6.30 and 19.0 ± 5.15% for NMR and HOC, respectively). In contrast to our results, Andrae et al. (2001) reported increased marbling and quality grade scores in cattle fed dry-rolled HOC compared with those fed either control or ISO corn diets. The authors attributed this difference to an increased energy density and fatty acid supply with the HOC diet. In the present experiment, diets were formulated to contain similar concentrations of fat; nonetheless, as noted previously, the fat content of the 90% concentrate diet was slightly greater for NMR than HOC. It seems highly unlikely, however, that this small difference in dietary fat concentration would have affected marbling score, as previous studies with much greater differences in fat concentration among diets have shown limited effects on marbling score (Zinn et al., 2000; Nelson et al., 2004) . Consistent with our findings, Andrae et al. (2001) did not observe differences in other carcass measurements. Trenkle and Belknap (1999) reported no differences in carcass quality measurements for treatments that included HOC or typical corn with and without added fat; however, as in the Andrae et al. (2001) study, more carcasses from cattle fed HOC graded USDA Choice than carcasses from steers fed control corn. Tollefson et al. (1999) reported no differences in carcass characteristics as a result of feeding high-oil corn, with the exception of a trend for greater KPH in cattle fed high-oil corn (whole or rolled).
Retail Case Life
No differences (P > 0.10) were observed between treatments for color, color uniformity, surface discoloration, and browning during retail case life evaluations conducted for 4 d (data not shown). Steaks from both treatment groups showed little surface discoloration and exceptional color scores after 4 d in the retail display case. These data are consistent with the findings from Johnson et al. (2000) , who did not report any differences in beef color or discoloration between diets when steaks were domestically chilled (chilled storage for 13 d postmortem).
Purge Loss and Palatability
Purge loss (data not shown) did not differ (P > 0.10) between treatments. Likewise, no differences (P > 0.10) were observed between treatments for WBSF, initial or sustained juiciness, initial or sustained tenderness, flavor intensity, beef flavor, or overall mouthfeel (Table 4) . However, cooking loss tended (P = 0.09) to be greater in steaks from cattle fed HOC. These results agree with those of Johnson et al. (2000) , who reported no significant differences for trained sensory panel or WBSF measurements in steaks from cattle fed HOC or normal corn. In contrast, Duckett et al. (2000) reported that panelists found steaks from steers fed HOC had greater juiciness and tenderness scores than steaks from steers fed typical corn. Moreover, WBSF values tended to be less for steers fed HOC when marbling score was included as a covariate .
Fatty Acid Composition
Mean percentages for fatty acids by treatment are shown in Table 5 . No differences (P > 0.10) were detected for fatty acids. Andrae et al. (2001) reported that feeding HOC increased linoleic acid, arachidonic acid, and total PUFA content of lipid extracted from the LM compared with the control corn diet, but this did not align with the current results. Furthermore, Andrae et al. (2001) reported that SFA was decreased by feeding HOC, thus enhancing the intramuscular lipid deposition. In the samples in the current study, CLA was essentially nondetectable, which may be explained by the decreased concentration of oleic acid in the LM samples. Daniel et al. (2004) reported a linear trend between the concentration of oleic acid and cis-9, trans-11 CLA in ovine adipose tissue depots, which is logical because oleic acid in ruminant tissues serves as a precursor for cis-9, trans-11 CLA (Griinari et al., 2000) .
Under experimental conditions, HOC had neither beneficial nor detrimental effects on beef quality, palatability, retail case life traits, and fatty acid composition of beef top loin steaks compared with NMR. Nonetheless, overall ADG and G:F were less (P ≤ 0.03) for steers fed HOC, indicating that HOC negatively affected feedlot performance compared with a diet based on NMR plus added fat. In addition, feeding NMR resulted in carcasses with greater marbling scores (P < 0.05) and a greater proportion of carcasses that graded in the upper two-thirds of USDA Choice. To our knowledge, this study was the first to evaluate steam-flaked HOC, and additional research designed to compare HOC to typical corn with different grain processing methods (e.g., steam-flaked vs. dry-rolled corn) would help to define Figure 1 . Frequencies of USDA quality grades from carcasses of beef steers fed diets based on normal, mill-run corn or high-oil corn. The proportion of carcasses that graded USDA Choice (High, Average, and Low Choice categories combined) did not differ between treatments, P = 0.77 (least squares means were 84.8 ± 4.68 and 82.8 ± 4.96% for mill-run and high-oil corn, respectively). The proportion of carcasses that graded in the upper two-thirds of the USDA Choice (High and Average Choice categories combined) was greater (P = 0.04) in cattle fed mill-run vs. high-oil corn (least squares means were 37.3 ± 6.30 and 19.0 ± 5.15% for mill-run and high-oil corn, respectively). Price et al.
